< 

CM 
lO 
00 

o> 

T- 

<?o 

Q. 
HI 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 319 852 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) lntC!7: F1 6C 29/04 




18.06:2003 Bulletin 2003/25 






(21) 


Application nunnber: 02258071.6 






(22) 


Dateof filing: 22.11.2002 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• 


Kamimura, Akihiko 




IE IT LI LU MC NL PT SE SK TR 




Kamakura-shi, Kanagawa-ken 248-0022 (JP) 




Designated Extension States: 


• 


Tsubol, Takaaki 




ALLTLVMK RO SI 




Kamakura-shi^ Kanagawa-ken 248-0022 (JP) 






• 


Obara, Kouji 


(30) 


Priority: 11.12.2001 JP 2001377292 




Kamakura-shl, Kanagawa-ken 248-0022 (JP) 


(71) 


Applicant: Nippon Thompson Co., Ltd. 


(74) 


Representative: Jenkins, Peter David et al 




Minato-ku, Tokyo (JP) 




PAGE WHITE & FARRER 








54 Doughty Street 








London WC1N 2LS (GB) 



(54) Linear motion guide unit with means for iceeping cage against wandering 



(57) In a linear motion guide unit in which a rack- 
and-pinion arrangement is interposed between paired 
guide rail rnembers(1 .2) to keep acage(3) against falling 
off from the guide rail members(1 ,2), the rack(4) Is made 
reduced in size in depth direction to fit well in even a 
gutter(20) cut small in depth in the guide rail member 
(1.2). The rack(4) is made up of successive teeth(22) 
mating with the pinion(5), and side walls(8) to join the 
teeth(22) together with one another. The side walls(8) 
of the rack(4) are rendered thickened sidewise with 
depth while sidewise opposing surfaces defining a gut- 
ter(20) cut in the guide rail(1 ,2) also lean away one an- 
other with depth in a way conforming to the side walls 
(8) of the rack(4), so that the rack(4) can be fastened in 
the gutter(20) by virtue of face-to-face engagement of 
the side walls(8) with the associated surfaces(9) In the 
gutter(20). 
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Description 

[0001] The present Invention relates generally to a lin- 
ear motion guide unit adapted for use in a variety of ma- 
chinery such as semiconductor manufacturing ma- 
chines, precision measuring instruments, precision in- 
spection equipment, precision assembly machines or 
the like and, more particularly, to a linear motion guide 
unit that is provided therein with means for keeping a 
cage against wandering. 

[0002] (n recent years, linear motion guide units of the 
type hereinafter referred to as "finite linear motion guide 
unit" because of their construction where rolling ele- 
ments are allowed to roll over only a definite travel in- 
stead of roiling through a recirculating circuit have been 
used extensively in diverse fields of machinery such as 
semiconductor manufacturing machines to guide a part 
In a linear way relatively, to any counterpart. Corre- 
spondingly, the finite linear motion guide units of the sort 
recited just above are seeing growing demands for high 
speed operation and high acceleration/deceleration, 
with even made siim or compact in construction. At the 
same time the advanced machinery expects the finite 
linear motion guide units to be operated with high pre- 
cision and low-frictional resistance, and so on. Solving 
the issues stated earlier is needed for further develop- 
ment of the linear motion guide units. 
[0003] Typically, most prior finite linear motion guide 
units of the type recited earlier have a mechanism for 
keeping a cage against wandering, which is a rack-and- 
pinion arrangement having, for example a rack 41 
shown in FIG. 15. The rack 41 lies in a gutter for relief 
cut in a raceway groove of a guide rail member in a lon- 
gitudinal direction thereof, with its tooth bottom part 44 
coming into face-to-face contact with a gutter bottom 45. 
TTie rack 41 is slotted at 42 In such a fashion that the 
rack material remains on the tooth bottom part 44 be- 
tween the slots 42 In the form of teeth 46 that are ar- 
ranged successively in the lengthwise direction of the 
rack 41 at a pitch preselected to mesh with an associ- 
ated pinion. Moreover, tooth tips 43 of the teeth 46 are 
made flat, for example as shown at 47. With the rack 41 
constructed as stated earlier, the tooth bottom part 46 
can contribute to keeping securely the teeth 46 at their 
desired positions. Nevertheless, modem tiny linear mo- 
tion guide unit of the sort recited here can not frequently 
afford any space to allow the tooth bottom part 44 to 
have a thickness enough to hold up the teeth. 
[0004] In Japanese Patent Laid-Open No. 
108056/f999, there is disclosed a finite linear motion 
guide unit of the type recited earlier, which has means 
for keeping a cage or retainer against wandering to help 
control certainly the travel of finite guide rail members. 
The cylindrical rollers held in the cage are placed for 
rolling between confronting raceway grooves formed on 
the guide rail members. The cage has supported a pin- 
Ion for rotation, which comes in mesh with a rack of gear 
teeth held in a gutter for relief. With the finite linear mo- 



tion guide unit recited earlier, the rack lies in the gutter 
for relief cut lengthwise in the raceway groove formed 
on the guide rail member. The teeth on the rack are 
made recessed to avoid any interference with the cylln- 

5 drical rollers. This construction allows the rack of gear 
teeth to be made in a module large In size, thus increas- 
ing the strength in mesh with the. pinion thereby to keep 
the cage against wandering with respect to the associ- 
ated guide rail members. Thus, the rack-and-pinion 

10 mechanism recited just above may be instrumental in 
keeping the cage against wandering relatively to the 
guide rail members. 

[0005] The present assignee has already filed a sen- 
ior pending Patent Application No. 2001-216235 in Ja- 

?5 pan relating a finite linear motion guide unit of the sort 
discussed here in which an earlier developed rack-and- 
pinion arrangement can serve effective function for 
keeping the cage against wandering. The finite linear 
motion guide unit discussed in the eariier pending ap- 

20 plication, although not shown here, is made shrunken 
in size and constructed such that a pinion coming into 
mesh with a rack is installed for rotation In a pinion hold- 
er fit in a cage. Especially, the senior application disclos- 
es means for keeping the cage against wandering, in 

25 which the pinion is held in a pinion chamber made in the 
pinion holder. The pinion is comprised of a disc having 
the teeth that are positioned circumferentially at regular 
intervals around the disc to form tooth spaces or slots 
each separating any two adjacent teeth, and a shaft car- 

30 ried in the pinion chamberfor rotation to provide an axis 
aboutwhich the disc rotates. Moreover, the teeth fonned 
around the disc are each made up of a dedendum part 
extending radially outwardly out of a curved periphery 
of the disc,, and an addendum part integral with the 

35 dedendum part and made in a semicircular configura- 
tion. With the finite linear motion guide unit disclosed in 
the senior pending application, the rack lying lengthwise 
In the gutter for relief cut in the raceway groove on the 
guide rail member is made integral with the guide rail 

40 member by a molding process in which a powder of met- 
al Is formed with a metal injection molding, followed by 
being subjected to sintering. 

[0006] With the every pripr finite linear motion guide 
units of the sort discussed here, the rack is made with 

45 slots successive in the longitudinal direction thereof with 
the same pitch as the circularpitch of teeth on the mating 
pinion. The slots on the rack are each defined between 
two adjacent projections or teeth integral with a tooth 
bottom part and also designed to have a circular conf ig- 

50 uration somewhat larger in radius than the semicircular 
configuration of the addendum of the pinion tooth, there- 
by allowing the pinion making certain of sequential mat- 
ing with the teeth on the pinion to smoothly come into 
successive mesh with the mating teeth of the rack. 

55 Moreover, the prior finite linear motion guide units of the 
sorts stated earlier, as the rack and the pinion are made 
relatively complicated in theirtooth profile, are apt to en- 
counter large sliding resistance and intermeshing resist- 
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ance, and also very tough to shrink the guide unit Itself 
down to tiny size in construction . 
[0007] In most prior finite linear motion guide units of 
the sort discussed here, the guide rail member is com- 
monly made on sides thereof with bolt holes lengthwise 
at preselected intervals, which are used to fasten the 
guide rail member to other object including a table, 
basement, sliding pedestal, machine bed and so on. 
When the linear motion guide units must meet an antic- 
ipated design demand to shrink them down as tiny as 
possible in size, nevertheless, the gutter for relief 
formed in the raceway groove on the guide rail member 
to fit the rack therein, just as in the conventional con- 
structions, has to be inevitably restricted in depth to the 
extent where the gutter is allowed to extend around the 
fastening bolts. This makes the gutter for relief less in 
depth, thus making it tough to lay the conventional rack 
in the gutter. 

[0008] The present Invention, therefore, has as its pri- 
mary aim to overcome the major problems discussed 
earlier in the finite linear motion guide units of the sort 
stated eariier, and in particular to provide a finite linear 
motion guide unit with means for keeping a cage against 
any wandering, in which a rack has lengthwise side 
walls opposing widthwise across successive rack teeth 
to join the teeth together with one another so as to make 
It possible to keep the teeth between them at a prese- 
lected pitch even when any tooth bottom part does not 
necessarily remain in the rack. The present Invention 
provides the finite linear motion guide unit with means 
for keeping a cage against wander, in which the tooth 
bottom part of the rack, if any, can be made as thin as 
possible to render the rack as slim as possible in depth. 
According to the present invention especially, the rack 
used in the means for keeping the cage against wan- 
dering is envisaged to fit snugly in the gutter for relief 
cut in the raceway groove to a depth where the rack is 
allowed to lie in the gutter for relief without any interfer- 
ence with bolt holes used to fasten a guide rail member 
to other object including a tabie^ machine bed, sliding 
pedestal, and so on, and also the rack is held securely 
in the gutter by virtue of the side walls, which can make 
It possible to construct the linear motion guide unit itself 
as tiny as possible In size. 

[0009] The present invention is concerned with a lin- 
ear motion guide unit, comprising a pair of guide rail 
members that are arranged movable relatively to one 
another and have confronting raceway grooves on their 
lengthwise sides, one to each side, a cage retaining 
more than one rolling element allowed to run through in 
a raceway defined between the raceway grooves on the 
guide rail members, and means for keeping the cage 
against wandering; wherein the means for keeping the 
cage against wandering is comprised of racks lying in 
gutters cut in the raceway grooves, one to each raceway 
groove, in opposition to one another, and a pinion having 
teeth mating with the opposing racks and Installed in the 
cage for rotation; and wherein the rack is composed of 



4 

successive teeth spaced apart from each other at prese- 
lected intervals to allow the teeth to mesh with the pin- 
ion, and side walls extending in longitudinal direction on 
sidewise opposite sides of the teeth, one to each side, 
5 to connect the successive teeth together with one an- 
other. 

[0010] In an aspect of the present invention, there is 
provided a linear motion guide unit in which the side 
walls of the rack come in engagement with surfaces de- 
10 fining the gutter cut in the raceway groove of the guide 
rail member thereby to keep the rack within the gutter 
in the raceway groove of the guide rail member. In an- 
other aspect of the present invention, a linear motion 
guide unit Is disclosed in which the surfaces defining the 
^5 gutter cut in the guide rail member lean away one an- 
other with depth while the side walls of the rack are ren- 
dered thickened sidewise with depth in a way conform- 
ing to the surfaces in the gutter. In another aspect of the 
present invention, a linear motion guide unit Is disclosed 
20 in which the gutter in the guide rail member is cut in a 
fashion getting extended sidewise in the depths of the 
gutter to form a rectangular shape in traverse cross sec- 
tion, with any one side of the surfaces being set back in 
sidewise distance either identical with or different from 
25 another side, and the side walls of the rack are made 
thickened in a way confonning to the surfaces in the gut- 
ter In another aspect of the present Invention, a linear 
motion guide unit is disclosed in which the gutter is cut 
in the guide rail member to have the surfaces made con- 
30 caved to bulge sidewise outwardly in the depths of the 
gutter, and the rack has the side walls each of which 
extends over an overall depth of the teeth and gets con- 
vex sidewise outwardly so as to conform to the associ- 
ated surface of the gutter In a further another aspect of 
35 the present invention, a linear motion guide unit is dis- 
closed in which the gutter cut in the guide rail member 
has the surfaces made concaved sidewise outwardly at 
only deep area next to a bottom of the gutter, and the 
rack has side walls that are made thick at only limited 
40 area lower in the depth of the teeth so as to conform to 
the associated surface of the gutter. 
[0011] In another aspect of the present Invention, 
there is provided a linear motion guide unit in which the 
rack consists of only the teeth and the side walls integral 
with the teeth. As an alternative, a linear motion guide 
unit is provided in which the rack is made up of the teeth, 
the side walls and a tooth bottom part thin in thickness 
made integral with the teeth and the side walls. 
[0012] In another aspect of the present invention, 
50 there Is provided a linear motion guide unit In which the 
rack is made of either a resinous material or a low-tem- 
perature fusible metal, which is poured into the gutter of 
the guide rail member, then finished by removing par- 
tially material from the poured material with machining 
55 operations. As an alternative, a linear motion guide unit 
is disclosed in which the rack is kept in the gutter in the 
guide rail member, with the side walls being either close 
fit or fastened with adheslves in the gutter 
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[0013] In another aspect of the present invention, 
there is provided a linear motion guide unit in which the 
side walls of the rack are made in a way coming into . 
engagement with the surfaces defining the gutter cut In 
the guide rail member. In another aspect of. the present 5 
invention, a linear motion guide unit is provided in which 
the teeth of the rack are rounded at their tooth tips. In a 
further another aspect of the present invention, a linear 
motion guide unit is provided in which the rack is made 
with a round slot between any two adjacent teeth, and io 
the pinion has theteeth of round rods that extend radially 
outwardly and get spherical at their tooth tips so as to 
mesh well with the round slot of the rack. In another as- 
pect of the present invention, a linear motion guide unit 
is provided in which the teeth of the rack are rounded at is 
their tooth tips. 

[0014] In a further another aspect of the present in- 
vention, there is provided a linear motion guide unit in 
which the rack is suitable for the use In a tiny linear mo- 
tion guide unit where bolt holes used to fasten an object 
including a table, bed, base, sliding pedestal, machine 
bed, and so on to the guide rail member have to be in 
as close as possible to the bottom of the gutter on which 
the rack is laid. 

[0015] With the linear motion guide unit constructed 2S 
as stated earlier, the rack in the pinion-and-rack mech- 
anism performing the duty of means for keeping the 
cage against wandering can shrink in size by constitut- 
ing with at least only the successive teeth and the side 
walls. The tooth bottom part between any two adjacent 30 
teeth of the rack, if any, can be rendered in the form of 
film that has little thickness. According to the present 
invention, whether there is the tooth bottom part be- 
tween any two adjoining teeth or not, the successive 
teeth are securely joined together with one another by 35 
virtue of only the. side walls to be positioned firmly at 
preselected intervals that allow the teeth to mesh with 
the pinion. Thus, even though the gutter cut in the race- 
way groove on the guide rail member has to be restricted 
shallow in depth becauseof the bolt holes used to fasten 40 
the guide rail member to any other object, the rack can 
lie snugly, fimily in even the gutter less in depth and, 
therefore, suits the tiny guide rail member. 
[0016] As the rack constructed as stated earlier is 
adaptable for the rack in the rack-and-pinlon arrange- 45 
ment that may serve as the means for preventing the 
cage from any wandering in the linear motion guide unit 
disclosed in the senior pending Japanese Patent Appli- 
cation No. 2001-216235, the finite linear motion guide 
unit with rack according to the present Invention makes 50 
it possible to use the pinion In the pinlon-and-rack ar- 
rangement just as it Is. Moreover, the finite linear motion 
guide unit with the rack of the present Invention is ap- 
plicable well for a wide ranges of sizes, from very small 
to very large guide rail members, also helping make cer- 55 
tain of the accurate linear travel of the moving part such 
as a table, meeting demands for high speed operation 
and high acceleration/deceleration of the moving part or 



the table, with even made slim or compact in construc- 
tion, and at the same time helping serve useful functions 
such as low-frictional sliding resistance, and so on. 
[0017] The rack incorporated in the finite linear motion 
guide unit of the present invention, because the succes- 
sive teeth lying in lengthwise direction are joined togeth- 
er with at least only the side walls, can be made reduced 
in depth to allow the rack to fit snugly, fimrily in even the 
gutter that Is cut shallow in the raceway groove of the 
guide rail member lest the gutter comes into no interfer- 
ence with the bolt holes used to fasten a guide rail mem- 
ber to other object. With the rack in the present Inven- 
tion, moreover, the successive teeth can be connected 
to one another with only the side walls so as to take on 
the function of the rack even though the tooth bottom 
part has little or no thickness. 

[0018] Accordingly, the linear motion guide unit with 
the rack constructed as stated earlier is suitable for the 
small instruments including semiconductor manufactur- 
ing machines, precision machines, and so on. The pin- 
ion-and-rack arrangement constituting the means for 
keeping the cage against any wandering may be in- 
stalled in the cage easily with accuracy by only close-fit 
of the arrangement in an aperture cut In the cage: More- 
over, the linear motion guide unit of the present invention 
is preferable for the small machines, and also helps 
make certain of the accurate travel of the moving part 
such as a table mounted on any guide rail member, 
meeting demands for high speed operation and high ac- 
celeration/deceleration of the moving part or the fable, 
with even made slim or compact in construction. At the 
same time the present invention helps serve useful func- 
tions such as low-frictional sliding resistance, and so on 
anticipated for linear motion guide unit of- the sort dis- 
cussed here. 

[0019] Other aspects, objects and advantages of the 
present invention can be obtained from a study of the 
drawings, the disclosure and the appended claims. 
[0020] Embodiments of the present Invention will now 
be described by way of example only, with reference to 
the accompanying drawings, in whlch:- 

FIG. 1 is a front elevation showing a preferred em- 
bodiment of a finite linear motion guide unit accord- 
ing to the present invention: 
FIG. 2 Is a traverse cross section taken along the 
plane lying on the line I - I of FIG. 1 to illustrate in- 
termeshing of a pinion with a rack in the finite lineiar 
motion guide unit shown in FIG. 1 : 
FIG. 3 is a top plan view, partly broken away, show- 
ing a cage assembly having incorporated with roll- 
ing elements and a pinion to be placed in the finite 
linear motion guide unit of FIG. 1 : 
FIG. 4 Is a cross section showing a preferred em- 
bodiment of any one of guide rail members in the 
finite linear motion guide unit of FIG. 1 , the view be- 
ing taken along the plane lying on the line II - II of 
that figure: 
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FIGS. 5(a), 5(b) and 5(c) illustrate a preferred em- 
bodiment of a rack to be laid in a gutter for relief cut 
in a raceway groove on the guide rail member of 
FIG. 4; in FIG. 5(a) the rack is depicted on top plan 
view; in FIG. 5(b) the rack is illustrated on front el- 
evation view as it has no tooth bottom part; and in 
FIG. 5(c) the rack is illustrated on front elevation 
view as it has a tooth bottom part: 
FIG. 6 is a cross section showing a second embod- 
iment of any one of guide rail members in the finite 
linear motion guide unit of FIG. 1 the view being 
taken along an area corresponding to the plane ly- 
ing on the line II - II of FIG. 1: 
FIGS. 7(a), 7(b) and 7(c) illustrate a second embod- 
iment of the rack to be laid in a gutter for relief cut 
in a raceway groove on the guide rail member of 
FIG. 6; In FIG. 7(a) the rack is depicted on top plan 
view; in FIG. 7(b) the rack Is Illustrated on front el- 
evation view as it has no tooth bottom part; and in 
FIG. 7(c) the rack is illustrated on front elevation 
view as it has a tooth bottom part: 
FIG. B is a cross section showing a third embodi- 
ment of any one of guide rail members in the finite 
linear motion guide unit of FIG. 1 . the view being 
taken along an area corresponding to the plane ly- 
ing on the line II - II of FIG. 1: 
FIGS. 9(a), 9(b) and 9(c) illustrate a third embodi- 
ment of a rack to be laid in a gutter for relief cut in 
a raceway groove on the guide rail member of FIG. 
8; in FIG. 9(a) the rack is depicted on top plan view; 
in FIG. 9(b) the rack is illustrated on front elevation 
view as it has no tooth bottom part; and In FIG. 9(c) 
the rack is illustrated on front elevation view as it 
has a tooth bottom part: 

FIG. 1 0 is a cross section showing a fourth embod- 
iment of any one of guide rail members In the finite 
linear motion guide unit of FIG. 1 , the view being 
taken along an area corresponding to the plane ly- 
ing on the line II- II of FIG, 1: 
FIGS. 11(a), 11 (b) and 11(c) illustrate a fourth em- 
bodiment of a rack to be laid in a gutter for relief cut 
in a raceway groove on the guide rail member of 
FIG. 10; in FIG. 11(a) the rack Is depicted on top 
plan view; In FIG. 11(b) the rack Is illustrated on front 
elevation view as it has no tooth bottom part; and in 
FIG. 11(c) the rack Is Illustrated on front elevation 
view as it has a tooth bottom part: 
FIG, 12 is a traverse cross section of any one of the 
guide rail members of the finite linear motion guide 
unit of FIG. 1 to illustrate how the pinion is incorpo- 
rated with the rack lying in the guide rail member, 
the view being taken along an area corresponding 
to the plane lying on the line I - I of that figure: 
FIG. 13 is a schematic illustration explanatory of an 
example of mating condition of the pinion with the 
racks installed on the confronting guide rail mem- 
bers of the finite linear motion guide unit of FIG. 12: 
FIG. 14 is a fragmentary top plan view showing the 



rack in the finite linear motion guide unit of FIG. 13: 
and 

FIG. 1 5 is a side elevation showing a prior rack used 
in the conventional finite linear motion guide unit. 

5 

[0021] Embodiments of a finite linear motion guide 
unit with means for keeping a cage against wandering 
according to the present invention will be described in 
detail with reference to the accompanying drawings. 
10 The finite linear motion guide unit discussed later is to 
make a refinement to the rack used in the linear motion 
guide unit of the sort disclosed in the senior pending 
Japanese Patent Application No. 2001-21 6235 of com- 
mon assignment. The finite linear motion guide unit of 
15 the present invention, accordingly, has about the same 
construction in basic aspect as that disclosed In the sen- 
ior pending application stated earlier, and In particular 
Is marked by a refined rack constituting the rack-and- 
pinion arrangement that can work as the means for 

20 keeping the cage 3 againstwandering off from the guide 
rail members 1 , 2. Most components including the pinion 
5 other than the rack 4 may be equally applicable to the 
finite linear motion guide unit of the present invention. 
What will be mainly discussed here will be largely con- 

25 fined to the features of the rack 4 while other most com- 
ponents such as the pinion 5 and so on in the finite linear, 
motion guide unit will be explained just briefly. 
[0022] The finite linear motion guide unit of the 
present invention is envisaged to render it suitable for 

30 use in tiny guide, rail members 1, 2 in which a gutter 20 
for relief cut in a raceway groove 10 on any one of the 
guide rail members 1 , 2 to fit a rack 4 therein has to be 
situated as nearer as possible to any bolt holes 24 bored 
In the guide rail member 1 or 2 to fasten the guide rail 

35 member 1 or 2 to other object including a table, machine 
bed, sliding pedestal, and so on. 
[0023] The finite linear motion guide unit of the 
present invention, as shown in FIGS. 1 and 2, is com- 
prised of at least one pair of guide rail members 1 , 2 

40 arranged in a way movable lengthwise relatively of one 
another and having raceway grooves 1 0 on their length- 
wise surfaces 15, 1 6 confronting mutually one another, 
one to each surface, more than one rolling element 17 
disposed in a raceway 7 defined between the raceway 

45 grooves 10 on the guide rail members 1 and 2, a sheet 
cage 3 holding the rolling elements 17 therein, and a 
rack-and-pinion mechanism serving as means for keep- 
ing the cage 3 against wandering off from the guide rail 
members 1 , 2. The rack-and-pinion mechanism is made 

50 up of the racks 4 lying In the gutters 20 cut in the raceway 
grooves 1 0, one to each gutter, and the pinion 5 carried 
for rotation in the cage 3 and having teeth 22 that mesh 
with the associated opposing racks 4. 
[0024] With the embodiment discussed now, the race- 

55 way grooves 10 are made on the confronting surfaces 
1 5, 1 6 of the paired guide rail members 1 , 2, one to each 
surface, to form a raceway of rectangular cross section 
between the confronting surfaces 15, 1 6. With the race- 
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way constructed as stated just earlier, more than one 
rolling element 17 of a cylindrical roller can be inter- 
posed snugly between the opposing raceway grooves 
10 for free rolling along the raceway. Thus, the guide rail 
members 1 , 2 are allowed to move with respect to each 
other along their longitudinal direction by virtue of the 
rollers 17. Moreover, the guide rail members i, 2 are 
made with bolt holes 24 such as counterbores, threaded 
holes, and so on lengthwise at preselected intervals, 
and combined together in a relation that they are turned 
around over 180 degrees with respect to each other, so 
that any one of the guide rail members 1 , 2 is fastened 
to the stationary side such as a machine bed, not shown, 
while another of the guide rail members 1 , 2 is connect- 
ed to the moving side such as a table, not shown. Ac- 
cording to the finite linear motion guide unit constructed 
as stated above, thus, the moving part such as a table, 
and so on fastened to any one of the guide rail members 
1 , 2 is allowed to travel in a linear direction relatively to 
the stationary part such as a machine bed, and so on 
fastened with bolts to the counterpart of the guide rail 
. members 1,2. 
[0025] With the finite linear motion guide unit dis- 
cussed here, as seen in FIG. 1 , the guide rail members 
1 , 2 are each provided at forward and aft ends thereof 
with threaded holes, one to each end. Into each of which 
fits an end screw 23 having a stopper head to keep the 
cage 3 from escape out of the associated guide rail 
member 1,2. Referring to FIGS. 1 to 3, the finite linear 
motion guide unit of the present invention mainly has 
the cage 3 of flat material holding therein more than one 
rolling element of cylindrical roller 17 arranged in the 
raceway 7 that is defined between the confronting race- 
way grooves 10 of the paired guide rail members 1 , 2, 
the racks 4 lying in opposition to one another across the 
raceway in the gutters 20 for relief cut In the confronting 
raceway grooves 1 0, the pinion 5 having teeth 1 4 mating 
with the associated racks 4 and supported on the cage 
3 for rotation, and a pinion holder 6 fit in an aperture 30 
formed in the cage 3 to keep correctly the pinion 5 In a 
pinion chamber 38 therein for free rotation. Moreover, 
the racks 4 lying in the gutters 9 for relief cut in the race- 
way grooves 10 of the guide rail members 1 , 2 may be 
fonned in a diversity of constructions. 
[0026] The pinion 5, as illustrated in FIGS. 2 and 3, 
has a disc 13 and a pinjon shaft 36 extending axially 
from the opposite sides of the disc 1 3 to provide a pinion- 
shaft axis about which the disc 13 rotates. In detail, the 
pinion 5 Is comprised of the disc 13 in which the succes- 
sive teeth 14 are positioned at a circular regular pitch 
around the curved periphery of the disc 1 3 to form slots 
each separating any two adjacent teeth 1 4, and the pin- 
ion shaft 36 carried in the pinion chamber 38 for rotation 
to provide an axis about which the disc 1 3 rotates. Each 
of the successive teeth 1 4 on the pinion 5 has a specially 
designed tooth profile instead of any conventional tooth 
profile of involutes cun/e. For example, the teeth 14 
spaced apart from each other around the disc 13 of a 



desired diameter are designed to have a top land made 
in a semicircular profile of a preselected diameter The 
successive teeth 14 on the pinion 5 are each made up 
of a dedendum part extending radially outwardly out of 
5 the curved periphery of the disc 13, and an addendum 
part'integral with the dedendum part having the center 
of curvature, which is placed radially outwardly out of 
the outer periphery of the disc 13. Moreover the pinion 
shaft 36 is planted integrally in the center of the disc 13 
10 in the direction perpendicular to the plane of the discs 
13. The teeth 1 4 on the pinion 5 designed In the specific 
tooth profile as stated earlier are effective to render less 
the resistance that would be encountered when coming 
in mating with the teeth 22 on the rack 4, helping make 
^5 the tooth thickness large, thereby contributing to in- 
creasing the strength and stiffness of the teeth and also 
allowing the tooth to have higher dedendum of gear- 
tooth so as to make certain of the provision of the tooth 
form in which there is less possibility of disengagement 
20 out of mating with the associated tooth on the rack. 
[0027]. Referring to FIG. 3, there Is shown in detail a 
cage assembly 25 to be interposed between the con- 
fronting sides 1 5, 1 6 of the guide rail members 1 , 2. The 
cage assembly 25 is mainly comprised of the cage. 3 to 
25 hold therein the cylindrical rollers 8 for rotation, the pin- 
ion holder 6 attached to the cage 3, and the pinion 5 
installed in the pinion holder 6. The cage 3 is provided 
with an aperture 30 at the lengthwise intermediate area 
thereof, in which a raised thick portion 35 of the pinion 
30 holder 6 fits closely, while the pinion holder 6 is made 
therein with the pinion chamber 38 where the pinion 
shaft 36 of the pinion 5 is carried for rotation. Thus, the 
pinion 5 is held in the cage 3 through the pinion holder 
6, with the disc 13 of the pinion 5 being accommodated 
35 in a pinion area 33 in the pinion holder 6. More than one 
pin 34 made on a flange portion 18 of the pinion holder 
6 fits in a hole of the cage 3 to support and locate the 
pinion holder 6 on the cage 3, then followed by caulking 
the opposite ends of the pin 34 by any suitable tool to 
40 fasten firmly the pinion holder 6 on the cage 3. To keep 
the pinion 5 for rotation in the cage 3 through the pinion 
holder 6, the pinion shaft 36 of the pinion 5 is forced into 
bearing areas 40 of the pinion chamber 38 in such away 
the disc 13 may fit in the pinion area 33 of the pinion 
45 holder 6 secured on the cage 3. 

[0028] The cage 3, as shown in FIG. 3, is made of a 
rectangular sheet extending in the direction along the 
guide rail members 1 , 2, which is made with a series of 
pockets 27 that are arranged at preselected Intervals in 
50 the longitudinal direction of the cage 3. In the pockets 
27 there are provided fingers 26 to retain the rolling el- 
ements 1 7 in the pockets 27, one to each pocket. The 
cage 3 is also made at roughly intermediate area thereof 
with the aperture 30 in which the pinion holder 6 fits 
55 closely. The pinion holder 6 has a thick portion 35 raised 
above any one side thereof so as to fit in the aperture 
30 In the cage 3, and the flange portion 18 surrounding 
the thick portion 35 so as to come in abutment against 
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any flank ot the cage 3 to join the pinion holder 6 to the 
cage 3. The pinion 5 is carried in the pinion holder 6 for 
free rotation. The rolling elements 1 7 held In the cage 3 
are cylindrical rollers of square cross section, which are 
arranged in linear direction with their own axes intersect- 5 
ing alternately one another The aperture 30 made in the 
cage 3 roughly midway between lengthwise ends of the 
cage 3 is larger in size than the pocket 27 in which the 
rolling element 17 Is accommodated. The aperture 30, 
for example is formed in an octagonal shape that Is de- io 
rived by leaving four corners of a quadrilateral having 
any two opposing sides parallel with lengthwise edges 
of the cage 3. At four corner areas remaining in the cage 
3 to define the aperture 30 of octagonal shape, there 
are made bolt holes in which the pins 34 on the flange ?5 
portion 1 8 of the pinion holder 6 fit closely. 
[0029] The pinion holder 6 Includes the raised thick 
portion 35 that fits In and conforms to the aperture 30 in 
the cage 3, and the flange portion 1 8 extending around 
the raised portion 35, which is brought into face-to-face 20 
engagement with any one side of the cage 3 to be held 
in place on the cage 3 with the pins 34. Thus, the pinion 
holder 6 has the thick portion 35 of roughly octagonal 
configuration in plan view, which is raised above any one 
side, for example the lower side of the rectangular sheet. 25 
The thick portion 35 is made recessed at a central area 
thereof to provide the pinion chamber 38 that includes 
bearing areas 40 to carry the pinion shaft 36 of the pinion 
5 for rotation, and a pinion area 33 of rectangular cross 
section extending lengthwise of the guide rail member. 30 
In which the pinion 5 Is accommodated with the teeth 1 4 
thereof being allowed to circulate around the pinion 
shaft 36. The bearing areas 40 lie rnidway between for- 
ward and aft ends of the pinion area 33 on opposite 
sides thereof and extend perpendicularly to the pinion 35 
area 33. That is, the bearing areas 40 In the pinion 
chamber 38 are formed to define holes of rectangular 
cross section Intersecting the pinion area 33 at right an- 
gle. At four corner areas of the pinion holder 6 there are 
provided the pins 34 raised above the same side as the 40 
thick portion 35 to fit in holes perforated in the cage 3. 
[0030] The finite linear motion guide unit of the 
present invention features various construction of the 
rack 4 as especially shown in FIGS. 4 to 11 . The racks 
4 are laid In the gutters 20 for relief cut in the raceway 45 
grooves 10 of the guide rail members 1 , 2, one to each 
groove. The rack 4 in the present invention is charac- 
terized by the combination of teeth 22 arranged in away 
spaced apart from one another at preselected Internals 
to mesh with the teeth on the pinion 5 and side walls 8 so 
extending lengthwise of the rack 4 with flanking sidewise 
opposite ends of the teeth 22 to connect the successive 
teeth 22 with each other. The rack 4 In the present in- 
vention is also marked by the function in which the side 
walls 8 thereof come in face-to-face engagement with 55 
their associated inside surface in the gutter 20 when the 
rack 4 fits in the gutter 20, thereby helping keep securely 
the rack 4 in the gutter 20. The rack 4 may be formed In 



any of the diverse constructions as shown in FIGS. 4 to 
11. 

[0031] Referring first to FIGS. 4 and 5, there is shown 
a first embodiment of the rack 4. The gutter 20 for relief 
cut In the guide rail member 1 , 2 is defined with inside 
surfaces 9 that lean away one another with depth while 
the side walls 8 of the rack 4, as illustrated in FIGS. 4 
and 5(a), are laid to form a dovetail-shape in traverse 
cross section, which is getting widened sidewise with 
depth in a way conforming to the inside surfaces 9 in the 
gutter 20. The rack 4, moreover, is constituted with only 
the successive teeth 22 connected Integrally to the side 
walls 8 lying in sidewise opposition to each other across 
the teeth. With the rack construction stated just earlier 
and shown in FIGS. 5(a) and (b), the successive teeth 
22 are kept with only the side walls 8 In a way spaced 
apart from one another at preselected intervals to mesh 
well with the pinion 5. It Is to be noted that the side walls 
8 play a role in keeping the rack 4 against escape out 
of the associated gutter 20 for relief after the rack 4 has 
been once fit in the gutter 20. As a result, the rack 4 
constructed as shown in FIG. 5(b) can serve well its 
function despite of no tooth bottom part remaining be- 
tween any two adjacent teeth 22. In other words, the 
rack 4 Is made bottomless or open at 21 between any 
two adjacent teeth 22. The construction of the gutter 20 
for relief, in which the Inside surfaces 9 lean away from 
one another as stated earlier helps ensure as much 
raceway surfaces 1 1 , 1 2 as the conventional finite linear 
motion guide units at the raceway groove 10. 
[0032] The rack 4, as shown in FIG. 5(c), may be 
made in alternative construction where a tooth bottom 
part 1 9 very thin in thickness is disposed Integrally with 
both the teeth 22 and the side walls 8. With the alterna- 
tive construction stated just earlier, the tooth bottom part 
1 9 could help the side walls 8 better keep the successive 
teeth 22 at preselected Intervals. Although but the rack 
4 of the alternative construction includes the thin tooth 
bottom part 19 formed integrally with the teeth 22 and 
the side walls 8, the tooth bottom part 1 9 in itself and of 
Itself might unnecessarily have a strength enough to 
connect the successive teeth 22 with one another 
against any expected load, because the side walls 8 
connecting the teeth 22 with each other are considered 
there is no question of the strength to keep the teeth 22 
at their desired intervals. As for the pinion 5, the disclo- 
sure in the senior pending Japanese Patent Application 
No. 2001-216235 will be Incorporated here by refer- 
ence. 

[0033] Referring next to FIGS. 6 and 7, there is shown 
the second embodiment of the rack 4. The gutter 20 for 
relief where the rack 4 of the second embodiment fit 
therein is cut in a fashion getting extended sidewise in 
the depths of the gutter 20 to form a rectangular shape 
in traverse cross section, with any one side 9L of inside 
surfaces being set back in sidewise distance more than 
another side 9S. To comply with the gutter 20 asymme- 
try sidewise in traverse cross section, the rack 4 is de- 
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signed in a way any one side wall 8L is made larger in 
sidewise thickness than another side wall 8S. Nameiy, 
the rack 4 in FIGS. 7(a) and 7(b) is constructed such 
that the any one-side wall 8L is deliberately rendered 
thicker than the counterpart 8S. The gutter 20 for relief 
cut in the guide rail nnennbers. 1 , 2 iis defined with the 
inside surfaces 9L, 9S that are far away in widthwise 
direction from one another in the depths of the gutter 20 
to fomn any rectangular or quadrilateral shape in 
traverse cross section as shown in FIG. 6, whether 
asymnnetry or symmetry sidewise with respect to the 
widthwise intermediate plane of the gutter 20. That is, 
the inside surface 9L of the gutter 20 is set back sidewise 
to provide a relatively large space of quadrilateral shape 
in traverse cross section and the corresponding side 
wall 8L of the rack 4 is made large in thickness to have 
a large quadrilateral shape in traverse cross section. In 
contrast, another inside surface 9S of the gutter 20 is 
set back sidewise to provide a relatively small space of 
quadrilateral shape in traverse cross section and the 
corresponding side wall 8S of the rack 4 is made thin in 
thickness to have a slim quadrilateral shape in traverse 
cross section. The rack 4, as shown in FIG. 7(b), is con- 
stituted with only the successive teeth 22 connected In- 
tegrally to the side walls 8S, 8L lying in sidewise oppo- 
sition to each other across the teeth. The rack 4, as 
shown in FIG. 7(c), may be made in alternative construc- 
tion where a tooth bottom part 1 9 very thin in thickness 
is disposed integrally with both the teeth 22 and the side 
walls 8U 8S. Both the rack 4 and the tooth bottom part 

1 9 in FIGS. 6 and 7 are. identical or equivalent in their 
functions with that shown earlier in FIGS. 4 and 5, so 
that the previous description will be applicable. 
[0034] Next, the third embodiment of the rack 4 will 
be explained with reference to FIGS, 8 and 9. The gutter 

20 for relief to fit therein the rack 4 according to th is third 
embodiment, as illustrated in FIG. 8, is cutto have inside 
surfaces 9A that are made concaved to bulge the inside 
space sidewise outwardly in the depths of the gutter 20. 
Conforming to the inside surfaces 9A made concaved 
sidewise, the rack 4 has the side walls 8A each of which 
extends over the overall depth of the teeth 22, with get- 
ting convex or arced sidewise outwardly to rise at the 
intemnediate area in depth. The side walls 8A in the rack 
4 are joined together to the successive teeth 22 over 
their overall depth to keep securely the teeth 22 at the 
desired intervals. That is to say, the rack 4, as seen from 
FIGS. 8, 9(a) and (b), has the side walls 8A that extend 
over the overall depth of the teeth 22 and get thickened 
at the intermediate area in depth to rise conforming to 
the associated inside surfaces 9A of the gutter 20. The 
rack 4, as apparent from in FIGS. 9(a) and (b), is made 
up of only the successive teeth 22 connected integrally 
to the side walls 8S, 8L lying in sidewise opposition to 
each other across the teeth. The rack 4, as shown in 
FIG. 9(c), may be made in alternative construction 
where a tooth bottom part 19 very thin in thickness is 
disposed integrally with both the teeth 22 and the side 



walls 8L, 88. Both the rack 4 and the tooth bottom part 
19 in FIGS. 8 and 9 are identical or equivalent in their 
functions with that shown eariier In FIGS. 4 and 5, so 
that the previous description will be applicable. 
5 [0035] The fourth embodiment of the rack 4 will be ex- 
plained with referring to FIGS. 1 0 and 1 1 . The gutter 20 
for relief in which the rack 4 of the fourth embodiment 
lies is cutto have inside surfaces 9B that are each made 
concaved or arced sidewise outwardly at only deep area 

10 next to the bottom of the gutter. Correspondingly, the 
rack 4 has side walls 88 that lie at only limited area lower 
in the depth of the teeth 22. Each of the side walls 8B 
gets convex or arced at the intermediate area in depth 
thereof to rise conforming to the associated inside sur- 

?5 faces 9B of the gutter 20. That is to say, the gutter 20 
for relief cut in the guide rail member 1 , 2, as shown in 
FIG. 10, gets widened sidewise at only deep area 9B 
next to the bottom of the gutter. The rack 4, as seen f i-om 
FIGS. 10, 11 (a)and(b), has the side walls 88 that made 

20 thickened at only limited area lower in the depth of the 
teeth 22. Each of the side walls 88 gets convex or arced 
at the intermediate area in depth thereof to rise conform- 
ing to the associated inside surfaces 98 of the gutter 20. 
The rack 4, as shown in FIG. 11(c), may be made in 

25 alternative construction where a tooth bottom part 19 
very thin in thickness is disposed integrally with both the 
teeth 22 and the side walls 8B. Both the rack 4 and the 
tooth bottom part 1 9 in FIGS. 1 0 and 11 are identical or 
equivalent in their functions with that shown earlier in 

30 FIGS. 4 and 5. so that the previous description will be 
applicable. 

[0036] Although but a diversity of materials might be 
available well for the rack 4 used in the finite linear mo- 
' tion guide unit of the present invention, any resinous ma- 

35 terials would be sufficient to provide tiny linear motion 
guide units! Moreover, the rack 4 can be made of any 
low-temperature fusible metals other than resinous ma- 
terials. The rack 4 can be produced by machining the 
resinous material or low-temperature fusible metal that 

'to has been poured, for example as shown in FIGS. 12,13 
and 14, into the gutter 20 for relief cut in the guide rail 
member 1 , 2. That Is to say, the material for rack pro- 
duction including resinous material, low-temperature fu- 
sible metal, and so on is first poured in the gutter 20 cut 

^5 in the guide rail member 1 , 2, then subjectedto machin- 
ing operations such as drilling, end milling and the like 
to generate the rack 4 lying in the gutter 20 In the guide 
. rail member 1 , 2. According to the rack-cutting process 
stated just eariier, the rack material in the gutter 20 for 

50 relief remains in the form of the sidewise opposing side 
walls 8X of the desired thickness, which are kept in tight 
contact with the associated inside surfaces 9X of the 
gutter 20. At the same time the successive teeth 22 are 
generated, whether there Is left the tooth bottom part 

55 between any two adjacent teeth 22 or not. As shown in 
the plan view of FIG. 14, a round slot 39 is made be- 
tween any two adjacent teeth 22. Moreover, each tooth 
22 of the rack 4 gets rounded at the tooth tip 32 thereof. 
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The pinion 5 illustrated in FIGS. 12, 13 and 14, unlike 
the pinion known comnnonly, made In a unique construc- 
tion having the teeth of round rods that get semicircle at 
their tooth tip. 

[0037] Installation of the rack 4 of FIGS. 4 to 14 into 
the gutter 20 for relief is accomplished by any fit of the 
Inside surfaces 8, 8L, 8S. SA, 8B and 8X of the rack 4 
In the gutter 20. But in some cases the rack 4 may be 
joined with any adhesives to the inside surfaces 9, 9L, 
98, 9A, 98 and 9X of the gutter 20. In any case, the side 
walls 8, 8L, 8S, 8A. 8B and 8X of the rack 4 is kept se- 
curely In close engagement with the Inside surfaces 9, 
9L, 9S, 9A, 9B and 9X of the gutter 20. 
[0038] While the present invention has been dis- 
closed in connection with the preferred embodiments 
thereof, it should be understood that other embodiments 
may be fall within the scope of the invention, as defined 
by the following claims. 



Claims 

1. A linear motion guide unit, comprising a pair of 
guide rail members(1 ,2) that are arranged movable 
relatively to one another and have confronting race- 
way grooves(IO) on their lengthwise sides, one to 
each side, a cage(3) retaining more than one rolling 
element (17) allowed to run through in a raceway 
(7) defined between the raceway grooves(IO) on 
the guide rail members(1 ,2), and means for keeping 
the cage(3) against wandering; 

wherein the means for keeping the cage(3) 
against wandering is comprised of racks(4) lying in 
gutters(20) cut in the raceway grooves(IO), one to 
each raceway groove(IO), in opposition to one an- 
other, and a pinion (5) having teeth(22) mating with 
the opposing racks(4) and installed in the cage(3) 
for rotatjon; and wherein the rack(4) is composed 
of successive teeth (22) spaced apart from each 
other at preselected intervals to allow the teeth(22) 
to mesh with the pinion(5), and side walls(8,8L,8S, 
8A,8B,8X) extending in longitudinal direction on 
sidewise opposite sides of the teeth(22), one to 
each side, to connect the successive teeth(22) to- 
gether with one another. 

2. A linear motion guide unit constructed as defined in 
claim 1, wherein the side walls(8) of the rack(4) 
come in engagement with surfaces(9) defining the 
gutter(20) cut in the raceway groove(10) of the 
guide rail member(1 ,2) thereby to keep the rack(4) 
within the gutter(20) in the raceway groove(IO) of 
the guide rail member(1 ,2). 

3. A linear motion guide unit constructed as defined in 
claim 2, wherein the surfaces(9) defining the gutter 
(20) cut in the guide rail member(1 ,2) lean away one 
another with depth while the side walls{8) of the rack 



(4) are rendered thickened sidewise with depth in a 
way conforming to the surfaces in the gutter(20). . 

4. A linear motion guide unit constructed as defined in 
5 claim 1, wherein the gutter(20) in the guide rail 

member(1,2) is cut in a fashion getting extended, 
sidewise in the depths of the gutter(20) to form a 
rectangular shape in traverse cross section, with 
any one side of the surfaces(9L,9S) being set back 
10 in sidewise distance either identical with or different 
from another side, and the side walls(8L,8S) of the 
rack(4) are made thickened In a way conforming to 
the surfaces(9L,9S) in the gutter(20). 



^5 5. A linear motion guide unit constructed as defined in 
claim 1 , wherein the gutter(20) is cut in the guide 
rail member(1 ,2) to have the surfaces{9A) made 
concaved to bulge sidewise outwardly in the depths 
of the gutter(20), and the rack(4) has the side walls 

20 (8A) each of which extends over an overall depth of 
the teeth (22) and gets convex sidewise outwardly 
so as to confomi to the associated surf ace(9A) of 
the gutter(20). 

25 6. A linear motion guide unit constructed as defined In 
claim 1 , wherein the gutter(20) cut In the guide rail 
member(1 ,2) has the surfaces(9B) made concaved 
sidewise outwardly at only deep area next to a bot- 
tom of the gutter(20), and the rack(4) has side walls 

30 (8B) that are made thick at only limited area lower 
in the depth of the teeth(22) so as to conform to the 
associated surface(9B) of the gutter(20). 

7. A linear motion guide unit constructed as defined in 
35 any one of claims 1 to 6, wherein the rack (4) con- 
sists of only the teeth(22) and the side walls (8,8L, 
BS,8A,8B,8X) integral with the teeth(22). 

8. A linear motion guide unit constructed as defined in 
40 any one of claims 1 to 6, wherein the rack (4) is 

made up of the teeth(22), the side walls(8,8L, 8S, 
8A,8B,8X) and a tooth bottom part(1 9) thin in thick- 
ness made integral with the teeth (22) and the side 
walls(8,8L,8S,8A,8B,8X). 

45 

9. A linear motion guide unit constructed as defined in 
any one of claims 1 to 8, wherein the rack (4) is 
made of either a resinous material or a low-temper- 
ature fusible metal, which is poured into the gutter 

50 (20) of the guide rail member(1 ,2), then finished by 
removing partially material from the poured material 
with machining operations. 

10. A linear motion guide unit constructed as defined in 

55 any one of claims 1 to 9, wherein the rack (4) is kept 

in the gutter(20) in the guide rail member (1 ,2), with 
the side walls(8,8L,8S,8A,8B,8X) being either close 
fit or fastened with adhesives in the gutter(20). 
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11. A linear motion guide unit constructed as defined in 
claim 10, wherein the side walls(8,8L,8S,8A, 8B, 
8X) of the rack(4) are made in a way coming into 
engagement with the surfaces(9,9L.9S.9A.9B:9X) 
defining the gutter(20) cut in the guide rail member s 
(1.2). 

12. A linear motion guide unit constructed as defined in 
any one of claims 1 to 11, wherein the rack (4) is 
made with a round slot(39) between any two adja- 
cent teeth(22), and the plnion(5) has the teeth(14) 
of round rods that extend radially outwardly and get 
spherical at their, tooth tips(37) so as to mesh well 
with the round slot(39) of the rack(4). 

13. A linear motion guide unit constructed as defined in 
any one of claims 11 or 1 2, wherein the teeth(22) of 
the rack{4) are rounded at their tooth tlps(32). 

14. A linear motion guide unit constructed as defined in 
any one of claims 1 to 13, wherein the. rack (4) Is 
suitable for the use in a tiny linear motion guide unit 
where bolt holes(24) used to fasten an object In- 
cluding a table, bed, base, sliding pedestal, ma- 
chine bed, and so on to the guide rail member(1 ,2) 
have to be in as close as possible to the bottom of 
the gutter(20) on which the rack(4) is laid. 
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